The effects of experimental galactose toxicity on inositol and phosphatidylinositol (PtdIns) metabolism in synaptosomes from 0-to 30day-old rats were investigated. Galactose toxicity was induced by feeding mothers a 40% galactose diet from the 12th day of pregnancy until 19 days postpartum when the offspring were weaned onto the maternal diet. There was no decrease in myoinositol concentrations and only a small decrease in PtdIns in synaptosomes from galactose-fed rats relative to glucose-fed controls. Synaptosomes from rats on the two diets converted equivalent amounts of [ U-14Clglucose to inositol and PtdIns. Acetylcholine stimulated [2-MlHinositol incorporation into PtdIns while producing a net decrease in Ptdlns concentration in synaptosomes from 22-to 30-day-old rats. However, the phospholipid response to acetylcholine in synaptosomes from galactose-fed rats was impaired. Thus, the acetylcholine-stimulated labeling of PtdIns was 40-50% lower in these synaptosomes while the effect on Ptdlns concentration was reduced by a maximum of 55%. The data suggest that galactose-fed rats may have either a deficiency in the number of acetylcholine receptors or a defect in some step between receptor-neurotransmitter interaction and PtdIns breakdown.
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Since mental retardation appears to be the only incompletely reversible outcome of galactosemia caused by deficiency of the enzyme, galactose-1-phosphate uridylyltransferase, much interest has centered around the cause of the neurotoxicity. Wells and coworkers (1, 2) have reported increased concentrations of galactose and galactitol and a decrease in the concentration of free and lipid-bound myoinositol (Ins) in brain and nerve tissue of several galactosemic infants, and Schwarz (3) has demonstrated an increased concentration of galactose-1-phosphate in the nervous system of such patients. However, the mechanism by which galactose or its metabolites exert their toxic effects on the developing nervous system remains to be elucidated.
In rats and chickens, experimental galactose toxicity results in decreased brain development, decreased nerve conduction, and decreased concentrations of glucose and of free amino acids in brain and nerve tissues (4). Wells and Wells (5) reported elevation of galactitol concentration and depression of free and lipid-bound Ins concentrations in brains of developing rats whose mothers were maintained on high galactose diets throughout pregnancy and lactation. In addition, these investigators demonstrated a decrease in the ability of brain slices from young galactose-toxic rats to convert [14C] glucose to Ins or phosphatidylinositol (PtdIns) . Kozak and Wells (6) demonstrated decreased labeling of phosphatidic acid (PtdA) and PtdIns in brains of galactose-toxic chickens after intracranial injection of 32P1, although no change in total amount of phospholipid phosphorus was observed.
These observations suggesting an impairment in Ins and Ins phospholipid synthesis or metabolism in galactose-toxic animals are of special significance in view of the evidence that PtdIns turnover may be critical in the events surrounding synaptic transmission (7) . Synaptosomes provide a unique opportunity for studying the effects of galactose toxicity on a well defined and crucial component of brain. The present work was directed toward evaluating the effects of galactose toxicity on concentration and metabolism of Ins and PtdIns in synaptosomes.
MATERIALS AND METHODS
Pregnant rats were placed on control (40% glucose in ground Purina chow) or high galactose (40% galactose in chow) diets at 12 days of pregnancy. Litters were reduced to seven on the day of delivery, and young rats were weaned onto their respective maternal diets at 19 days of age. Synaptosomes were isolated as described (8) . For young rats, modified Ficoll gradients were used. For newborns, a layer banding between supernatant and 7.5% Ficoll was recovered as the synaptosomal fraction whereas, for 10-day-old animals, a layer between 5 and 12% Ficoll was collected. By electron microscopy these fractions were found to contain intact synaptosomes with fewer synaptic vesicles than seen in adult animals. For older animals, the third and fourth layers of the five-layer gradient were combined to yield the synaptosomal fraction. For (Tables 1 and 2 ). Ins concentrations were high in synaptosomes from newborn rats on either diet but decreased To determine sugar concentrations, portions of a synaptosomal suspension were homogenized three times with perchloric acid (final concentration, 6%). The combined supernatants were neutralized with KOH and the KCl04 that was precipitated was removed by centrifugation. The supernatant was treated with MB-3 mixed bed ion exchange resin and lyophilized overnight. The dried extracts were treated with N-(trimethylsilyl)imidazole/anhydrous pyridine (1:1, vol/vol) for 5 hr at room temperature to convert the free sugars to their trimethylsilyl derivatives which were analyzed by gas-liquid chromatography by using a 6-ft column packed with 3% OV-1 on Gas Chrom Q. Carrier gas was nitrogen (flow rate 30 ml/min); the column was programmed from 1700 for 8 min to 2500 at 4°/min. Peaks were identified by comparison of retention times with those of known standards; the Ins peak was further identified by using mass spectroscopy. The mass of Ins and galactitol in the original sample was determined by comparison of the area of the respective peaks to that of the internal standard, ribitol. For each synaptosomal preparation, brains were pooled from 4 or 5 rats from one litter (or for newborns, 14-17 rats from two litters). Duplicate samples of each synaptosomal preparation were carried through the extraction procedure and each sample was analyzed two or three times by gas-liquid chromatography. Values given are averages of determinations on two or three preparations. For a given age, determinations were within 5-12% of each other with the exception of the galactitol levels in newborns in which there was a 30% difference between two determinations. ISF = intrasynaptosomal fluid. To determine Ptdlns concentrations, the glycerolipids were extracted and the deacylated products separated by gas-liquid chromatography by the method of Cicero and Sherman (10) Synaptosomes were incubated in flasks of the Burg and Orloff type (11) at 370 with gentle gassing with 95% 02-5% CO2. The reaction was initiated by addition of 2 mM [U-14C]glucose (10 MCi/ml) and terminated after 60 min by addition of 5 ml of cold incubation buffer and immersion of the flask in ice water. The suspension was centrifuged at 120,000 X g for 30 min and the pellet was resuspended in 1.5 ml of water. Sugars and lipids were extracted and analyzed as above with collection of the Ins and glycerophosphorylinositol peaks from the chromatograph via a stream splitter. The collected material was dissolved in phosphor and counted in a Packard liquid scintillation counter. Counts were converted to dpm by internal standardization. When known amounts of tritiated Ins were added to synaptosomal samples and carried through the extraction and analysis, the average recovery of label was 83% (range 80-87%). Specific activity of PtdIns is given as dpm per gas chromatographic peak area where area is in arbitrary units. Values are averages of duplicate determinations made on each synaptosomal preparation. Table 3 . Flasks containing 3 ml of synaptosomal suspension received either 50 ,1 of water (control) or 50 Ail of AcCho plus eserine to yield a final concentration of neurotransmitter and eserine of 10-4 M. The reaction was initiated by addition of 10 ,uCi of [2-3H]Ins (final concentration 0.02 mM) and terminated at 60 min by addition of 5 ml of cold water and immersion of the flask in ice water. Each suspension was centrifuged at 120,000 X g for 30 min and the pellets were resuspended in 0.9 ml water. Tissue in each flask was extracted in duplicate and derivatized extracts were each analyzed two or three times by gas-liquid chromatography with collection of the glycerophosphorylinositol peak via the stream splitter. Specific activity is in dpm/peak area; area is in arbitrary units.
course of incubation up to 60 min in either galactose-fed or glucose-fed rats indicating that synaptosomes from both groups are stable over this time period. The uptake of [2-3H] Ins at 1 hr by synaptosomes from 22-and 26-day-old rats from the two dietary groups was the same and uptake was not affected by the presence of 10-4 M AcCho. Since intrasynaptosomal Ins concentrations were equal in the two groups of rats, these data indicate that the specific radioactivity of the intrasynaptosomal Ins pools should be essentially the same and should not be affected by the presence of AcCho.
The specific activity of PtdIns after incubation for 1 hr with [2-3H]Ins was not dependent on the synaptosomal protein concentration over the range used in these studies. Basal labeling of PtdIns was essentially linear with time to 90 min. Although there was variation in the specific activity of PtdIns from preparation to preparation (probably dependent on the degree of disruption of synaptosomal metabolism or integrity during isolation), duplicate experiments on one synaptosomal preparation were always in close agreement (3-5%).
Incubation of synaptosomes from glucose-fed control rats in the presence of lo-4 M AcCho for 60 min resulted in a stimulation of the labeling of PtdIns by an average of 22-23% at all ages studied (Table 4 and Fig. 1 ). Determination of PtdIns concentration at 60 min revealed a 21-25% decrease in concentration in synaptosomes exposed to AcCho.
In synaptosomes from galactose-fed animals the effects of AcCho varied with age (Table 5 and Fig. 1) . Thus, at 22 days, the enhancement of PtdIns labeling by AcCho was only slightly less than that found in the control synaptosomes whereas at 26 and 30 days, the stimulation was reduced by almost half. The AcCho induced decrease in concentration of Ptdlns in synaptosomes from galactose-fed animals was only 60% of that of the control at 22 days and 45% of the control at 26 and 30 days.
DISCUSSION
The synaptosomal concentration of Ins in animals from 22 to 30 days is considerably lower than that of whole brain (5) or cerebral cortex (12) . Although some leakage out of synaptosomes during isolation may have occurred, the slow rate of diffusion of Ins across synaptosomal membranes even at 370 (unpublished results) indicates that loss of Ins by this route is probably minimal. Data of Stewart and coworkers (13) Tables 4 and 5 Conditions and abbreviations as in Table 4 .
bellum suggested that much of the Ins in brain was contained in glia. Later work by Allison and Stewart (12) (5) of a marked decrease in Ins and PtdIns content in whole brain of fetal and young galactose-toxic rats suggested the possibility that these compounds would be low in synaptosomes from such animals. However, the data reported here fail to show a significant decrease in synaptosomal Ins and only a small decrease in synaptosomal PtdIns concentration in galactose-fed animals and indicate that synaptosomes may be relatively spared. The possibility exists, therefore, that the low concentrations of these compounds in whole brain may be a reflection of a defect in glia or in the proliferation of glial cells during the period of active myelination. In this respect, it is interesting to note that when rats are first introduced to a high galactose diet on weaning at 19 days, the marked fall in Ins concentrations in brain cannot be reproduced (14) . Thus, it is possible that once the period of rapid glial proliferation has begun, the brain may be more resistant to the toxic effects of galactose or its metabolites at least with respect to Ins metabolism.
The data of Wells and Wells (5) (18) (19) (20) . By using methods which allow a more direct measurement of Ptdlns concentration, we were able to show a definite loss of the phospholipid in response to AcCho, strongly suggesting stimulation of the enzyme PtdIns-Ins phosphohydrolase by the neurotransmitter. The discrepancy between the previous results and those presented here can probably be explained on the basis of differences in analytic techniques. These differences will be more fully discussed in a forthcoming paper.
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